Studies were conducted to determine the effects of lysocellin and monensin on mineral metabolism of steers fed forage-based diets. In each study treatments consisted of 1) control, 2) 100 mg lysocellin/d, 3) 200 mg lysocellin/d and 4) 200 mg monensin/d. Twenty-four growing Hereford steers were used in each of two experiments to evaluate the effects of ionophore feeding on plasma and ruminal soluble mineral concentrations. Steers were fed individually greenchop (tall rescue and bermudagrass) ad libitum and .91 kg/d of a corn-trace mineral salt-ionophore supplement. Plasma and ruminal fluid samples were obtained on d 28 and 84 in both studies. Ruminal concentrations of soluble phosphorus (P) and iron (Fe) were higher (P < .05), whereas soluble manganese (Mn) was lower (P < .01), in steers fed lysocellin than in controls. Steers fed lysocellin had higher (P < .05) plasma magnesium (Mg) concentrations than control steers. Plasma and ruminal soluble mineral concentrations generally were similar for the monensin and 200 mg lysocellin treatments. Two additional studies were conducted to determine the effects of lysocellin and monensin on macromineral apparent absorption and retention in steers fed tall rescue greenchop. Steers were adjusted to their diets for 28 d and then placed in metabolism crates for a 6-d acclimation followed by a 5-d collection of urine and feces. Percent apparent absorption of calcium (Ca), potassium (K), Mg and P was higher (P < .05), whereas sodium (Na) absorption was lower (P < .05), in steers fed lysocellin than in controls. Mineral absorption was similar in steers fed 200 mg lysocellin or monensin. Calcium (P < .05) and K (P < .10) retention (percent of intake) was increased by ionophore feeding. Results indicate that lysocellin and monensin alter apparent absorption and retention of certain minerals in steers fed forage-based diets.
Introduction
Carboxylic ionophores used in beef cattle diets function by altering ion transport across cell membranes (Painter and Pressman, 1985) . Feeding monensin or lasalocid increased apparent absorption of magnesium (Mg), phosphorus (P) and sodium (Na) and retention of Mg and P in growing steers fed a concentratebased diet (Statues et al., 1984) . In lambs fed a high-grain diet, monensin decreased Na retention but increased apparent absorption of P and potassium (K; Kirk et al., 1985a,b) . The effects of feeding ionophores on absorption of macrominerals in ruminants fed forage-based diets have not been examined. However, 125 mg monensin/d increased whole body retention of a single oral dose of 65Zn and 75Se by 43 and 73%, respectively, in steers fed a hay-straw diet (Costa et al., 1985) . Lasalocid at a level of 200 or 300 mg/d reduced serum Mg in steers grazing pasture (Spears and Harvey, 1984) .
Lysocellin is a carboxylic ionophore that differs from monensin and lasalocid in its affinity and selectivity for various ions (Painter and Pressman, 1985) . Therefore, lysocellin may affect mineral metabolism differently from that observed in ruminants fed monensin or lasalocid. The present studies were conducted to determine the effects of lysocellin and monensin on mineral metabolism of steers fed forage-based diets.
Materials and Methods
Experiments 1 and 2. Two 90-d studies were conducted to assess the effects of feeding lysocellin and monensin on ruminal soluble and plasma mineral concentrations. In Exp. 1, 24 medium-frame Hereford steers initially averaging 247 kg were stratified by weight and randomly allotted to treatments. Treatments were 1) control, 2) 100 mg lysocellin/d, 3) 200 mg lysocellin/d and 4) 200 mg monensirdd. Experiment 1 was initiated on May 2 and terminated on July 31, 1985.
The 24 steers used in Exp. 1 also were used in Exp. 2 following a 14-d preliminary period when they were fed a diet of chopped hay with no ionophore. Steers (301 kg initial weight) were assigned randomly to treatments (identical to those in Exp. 1) with the restriction that no animal could receive the same treatment that it received in Exp. 1. Experiment 2 was initiated on August 14 and terminated on November 13, 1985. One steer in the control treatment was removed on d 62 of Exp. 2 because a major blood vessel ruptured in the lung.
Steers were housed in raised, slotted-floor pens. Twelve steers were housed per pen and each pen contained three steers from each 6American Calan, Inc., Northwood, NH. 7Guaranteed minimum analysis, %: NaCI, 96.0; Zn, .350; Mn, .200; Fe, .200; Cu, .030 Unconsumed greenchop was removed each morning at approximately 0800 prior to feeding each steer .91 kg of a ground corn-trace mineral salt mixture. The grain supplement provided 28 g of trace mineral salt 7 per day. The ionophores for treatments 2, 3 and 4 were provided in the grain supplement.
A sample of fresh forage was collected daily for DM determination. After drying, 45 g of forage was retained and composited over a 7-d period for determination of minerals. Blood samples were obtained by jugular puncture and ruminal fluid samples were collected via stomach tube from all steers on d 28 and 84. Ruminal and blood samples were taken at both 28 and 84 d because previous studies Harvey, 1984, 1987; Harvey et al., 1988) indicated that plasma and soluble mineral concentrations changed over time with ionophore feeding. Samples were collected 3 to 4 h after feeding the grain supplement. Blood was collected into heparinized tubes and plasma was obtained after centrifugation. Ruminal fluid was strained through cheesecloth and centrifuged at 39,000 x g for 30 min to remove microbial cells and feed particles. The supernatant fraction obtained after centrifugation was analyzed for soluble minerals using plasma emission spectrometry 8. Chloride (CI) in ruminal fluid was determined by the method of DeJong and Burggroaf (1983) . Minerals in forage and plasma samples, with the exception of P (Fiske and Subbarow, 1925) , were measured using atomic absorption spectroscopy 9. Forage sampies were prepared for mineral analyses by wet ashing with nitric acid followed by hydrogen peroxide.
Experiments 3 and 4. Greenchop was harvested daily and a sample was obtained for DM and mineral analyses. During the collection period, dried forage samples and orts were compositod for analyses. Urine preserved with 150 ml of 6 N HCI was measured daily and a .5% aliquot was retained and composited over the 5-d collection period. Total fecal output was measured daily and mixed and a 5% aliquot was dried (550C) and composited over the collection period. Samples of greenchop, supplement, orts, urine and feces were prepared for mineral analyses by wet ashing as described for Exp. 1 and 2. Calcium (Ca), Na, K and Mg were determined by atomic absorption spectroscopy8. Phosphorus was measured by the procedure of Fiske and Subbarow (1925) .
Statistical Analysis. Data from Exp. 1 and 2 were pooled and analyzed using least squares ANOVA (SAS, 1982) . A pooled statistical analysis of data from Exp. 3 and 4 also was conducted using least squares ANOVA. The models included treatment, experiment and the experiment x treatment interaction. When the experiment x treatment interaction was significant, data were analyzed by experiment. Animal was used as the experimental unit. Differences between treatments were determined using single degree of freedom contrasts. Comparisons made were 1) control vs mean of the two levels of lysocellin; 2) 100 mg vs 200 mg lysocellin/d; and 3) 200 mg lysocellin/d vs 200 mg monensin/d.
Results and Discussion
Experiments 1 and 2. The mineral content of the greenchop fed to steers is presented in Table 1 . Values shown are means of daily samples composited weekly for the tall fescue and bermudagrass phases of each experiment. Potassium, P and Mg concentrations were slightly higher for tall fescue than for bermudagrass in both studies. The greenchop contained between 28.5 and 33.1% DM and between 14,4 and 20.6% CP (Spears et al., 1989) .
Soluble mineral concentrations in ruminal fluid of steers on d 28 and 84 are shown in Table 2 . Forage intake was not affected by treatment (Spears et al., 1989) , resulting in similar mineral intakes across treatments. Control steers had lower (P < .10) concentrations of soluble Na in ruminal fluid at 28 d than did steers fed lysocellin. Sodium concentration was not affected by treatment on d 84. Soluble concentrations of K and C1 were not Table 2 ). Ruminal P concentrations were slightly higher (P < .10) in steers fed 200 nag lysocellin compared with those fed monensin at 28 d, but not at 84 d. Lysocellin feeding also increased ruminal soluble P concentrations in steers fed corn silage-based diets (Harvey et (Starnes et al., 1984) . Ruminal soluble Mg concentrations were lower (P < .10) in controls in Exp. 1 but higher (P < .05) in controls than in steers fed lysocellin in Exp. 2 at 28 d. Control steers had lower (P < .05) concentrations of soluble S at 28 d in Exp. 1 but had higher (P < .05) concentrations in Exp. 2 than did steers fed lysocellin. Concentrations of soluble Ca, Mg and S were not affected by treatment on d 84.
Steers fed lysocellin had higher concentrations of soluble Fe in ruminal fluid than controls at 28 d (P < .05) and 84 d (P < .01; Table 2 ). Soluble Fe concentrations also were higher (P < .05) in steers fed 200 mg lysoceUin than in those receiving monensin on both sampling days. In contrast, soluble Mn concentrations were lower (P < .01) at 28 and 84 d in steers fed lysocellin than in controls. The observed alterations in ruminal soluble concentrations of Mn and Fe due to lysocellin feeding may be direct effects of the ionophore, because lysocellin has an affinity for both Fe (Young and Gomperts, 1977) and Mn (Mitani et al., 1977) . Ruminal pH was not measured in the present study; however, some of the differences between treatments in soluble mineral concentrations could be due at least partly to differences in ruminal pH. Soluble concentrations of Zn and Cu were not altered (P > .10) by treatment.
Soluble, rather than total, ruminal fluid minerals were measured because the soluble mineral fraction represents that portion that is active biologically. For example, soluble concentrations of macrominerals in ruminal fluid affect such ruminal characteristics as osmolality, rate of passage and buffering capacity (Durand and Kawashima, 1980) . Ruminal concentrations of soluble minerals that are not absorbed from the rumen also may provide some indication of availability for absorption in the intestine, because minerals must be present in a soluble form for absorption to occur (Rosenberg and Solomons, 1984) . One can only speculate what effect the changes in soluble minerals observed due to ionophore feeding may have had on ruminal characteristics or mineral absorption. However, previous studies have detected decreased ruminal osmolality (Starnes et al., 1984) and turnover of the liquid phase (Lemenager et al., 1978) in cattle fed monensin. These changes could be explained by alterations in soluble mineral concentrations due to monensin feeding.
Plasma mineral concentrations were not affected greatly by ionophore feeding (Table  3) . Steers fed 200 mg lysocellin had lower (P < .10) plasma Na concentrations than did animals fed 100 mg lysocellin or monensin at 28 d. Plasma Mg was higher in steers fed lysocellin than in controls at 28 (P < .05) and 84 d (P < .01). Steers fed 100 mg lysocellin had higher (P < .05) plasma Mg concentrations than those receiving 200 mg lysocellin at 28 d. In steers grazing pasture, lasalocid supplementation at 200 or 300 mg/d reduced serum Mg concentrations (Spears and Harvey, 1984) . However, plasma or serum Mg concentrations in steers (Starnes et al., 1984; Spears and Harvey, 1987) and lambs (Kirk et al., 1985b; Greene et al., 1986 ) fed high-concentrate diets were not affected by feeding monensin or lasalocid. Copper was affected by an experiment x treatment interaction (P <. 10) on d 84. Plasma Cu was not affected by treatment in Exp. 2, but in Exp. 1, steers fed lysocellin had higher (P < .10) plasma Cu concentrations than controls. Steers fed 200 mg lysocellin also had higher (P < .10) plasma Cu levels than did animals receiving 100 mg lysocellin.
Experiments 3 and 4. The mineral content of greenchop and supplement fed in Exp. 3 and 4 is shown in Table 4 . Intake of macrominerals evaluated met (Ca, P) or exceeded (Mg, K, Na) the NRC (1984) requirement for 250-kg steers gaining .8 kg/d. Mineral intake tended to be lower for the control treatment (Tables 5, 6 and 7). This resulted from a large feed refusal for one control steer in Exp. 4. The amount of greenchop offered during the collection period was similar across treatments.
Apparent absorption of Ca, expressed in grams/day or as a percentage of intake, was higher (P < .05) in steers fed lysocellin than in controls (Table 5 ). Calcium retention also was higher (P < .05) for the lysocellin treatments than for the control treatment. Apparent absorption and retention of Ca, expressed in grams/day or as a percentage of intake, were similar in steers fed 200 mg lysocellin and monensin, Greene et al. (1986) also reported CExpressed as mg/dl. dExpressed as p,g/dl. tp < .10. *P < .05. **P < .01.
higher apparent absorption and retention of Ca by lambs fed monensin compared with controis. In other studies with lambs and steers fed concentrate-based diets, monensin did not affect Ca absorption or retention (Starnes et al., 1984; Kirk et al., 1985b) . Urinary Ca excretion was higher (P < .01) in steers fed monensin than in those fed 200 mg lysocellin in Exp. 4, but not in Exp. 3. This resulted in an experiment x treatment interaction (P < .05). Calcium retention, expressed as a percentage of absorbed Ca, was lower (P < .05) in steers fed monensin than in those fed 200 mg lysocellin because of the higher urinary Ca excretion by steers given monensin. Steers fed lysocellin also retained a slightly higher (P < .I0) percentage of absorbed Ca than controls. No differences in Ca absorption or retention were noted between steers fed 100 and 200 mg lysocellin. Apparent absorption of Mg was increased (P < .05) by feeding lysocellin compared with the control treatment (Table 5) . Percent apparent absorption of Mg was higher (P < .10) in steers fed 100 mg than in those fed 200 mg lysocellin. An experiment x treatment interaction (P < .01) occurred for urinary Mg excretion. Steers fed 200 mg lysocellin excreted less (P < .05) Mg in urine than did steers fed 100 mg lysocellin in Exp. 3. In Exp. 4, urinary Mg excretion was lower (P < .05) in control steers than in steers fed lysocellin. Magnesium retention tended to be lower for the control treatment, but differences were not significant. Apparent absorption and retention of Mg were similar in steers fed 200 mg monensin or a similar level of lysocellin.
The higher apparent absorption of Mg in steers fed either ionophore is consistent with the higher plasma Mg concentrations observed in Exp. 1 and 2 in steers fed lysocellin or monensin. Previous studies (Starnes et al., 1984; Kirk et al., 1985b; Greene et al., 1986) in ruminants fed high-concentrate diets also indicated higher apparent absorption and(or) retention of Mg in animals fed monensin or lasalocid. These findings suggest that monensin and lysocellin may be beneficial in preventing grass tetany. However, studies examining the effects of ionophores on Mg metabolism have been conducted with growing ruminants, whereas grass tetany occurs primarily in lactating beef cows (Church and Fontenot, 1979) . Furthermore, Grings and Males (1988) recently reported that feeding monensin did not increase plasma Mg in lactating beef cows bled 30 and 50 d postcalving.
Percent apparent absorption of K was higher (P < .01) in steers fed lysocellin than in controls (Table 6 ). Urinary excretion of K was similar across treatments. Potassium retention was lower (P < .10) for control steers regardless of whether results were expressed in grams/day, as a percentage of intake or as a percentage of absorbed K. Absorption and retention of K were similar in steers fed 200 mg lysocellin and those fed monensin. Monensin has increased K absorption and retention in some studies (Kirk et al., 1985a) but not in others (Starnes et al., 1984; Greene et al., 1986) . Potassium retention was correlated positively (r = .80; P < .01) with N retention in the present study. Nitrogen retention was 48% higher in steers fed ionophores than in control steers (Spears et al., 1989) . One can only bA = control vs lysocellin; B = tp <. 10. *P < .05. **P < .01.
100 vs 200 mg lysocellin speculate whether the increased K retention was due to the higher N retention in steers fed ionophores or vice versa. Intake of K exceeded K requirements listed by NRC (1984) . Apparent absorption of Na was higher (P < .05) in controls than in steers receiving lysocellin (Table 6 ). Steers fed 200 mg lysocellin had a higher (P < .10) apparent absorption of Na than steers receiving 100 mg lysocellin. Apparent absorption of Na did not differ between steers fed monensin and 200 mg lysocellin. Sodium retention was not affected by treatment but tended to be higher for control steers. Both monensin and lysocellin have a greater affinity for Na than for K (Painter and Pressman, 1985) . It is difficult to explain why Na absorption was decreased and K absorption increased by ionophore feeding. In contrast to results obtained in the present study, monensin increased apparent absorption of Na in steers fed a concentrate-based diet (Starnes et al., 1984) .
Phosphorus metabolism data are shown in Table 7 . Apparent absorption of P was higher (P < .05) in steers receiving lysocellin than in controls. Phosphorus did not differ between the 200 mg lysocellin and monensin treatments.
Monensin addition to concentrate-based diets also increased P absorption (Starnes et al., 1984; Kirk et al., 1985b) . Urinary P excretion was higher in steers fed 200 mg lysocellin than in steers fed 100 mg lysocellin (P < .01) or 200 mg monensin (P < .05). An experiment x treatment interaction (P < .10) was observed for P retention. Steers fed 200 mg lysocellin retained less (P < .05) P than steers fed 100 mg lysocellin or monensin in Exp. 3. In Exp. 4, P retention was lower (P < .10) in control steers than in those fed lysoceltin. No differences in P retention between 100 and 200 mg lysocellin or between monensin and 200 mg lysocellin were noted in Exp. 4.
Monensin has an affinity preference for Na over K of about 10 and does not bind divalent ions to any extent (Pressman and Fahim, 1982) . Lysocellin has affinities for a number of divalent cations (Ca, Mg, Fe, Mn) in addition to the monovalent cations, Na and K (Painter and Pressman, 1985) . Despite differences in their affinity and binding selectivity for cations, monensin and lysocellin generally resulted in similar alterations in mineral metabolism in the present studies. Results of these studies indicate that feeding lysocellin or monensin can have pronounced effects on mineral metabolism in steers fed forage diets. Both ionophores increased apparent absorption of Ca, Mg, K and P and decreased apparent absorption of Na. Plasma Mg concentrations were higher in steers fed either ionophore. These results suggest that feeding monensin or lysocellin may decrease dietary requirements for Ca, Mg, K and P. However, changes in feed intake and(or) growth rate associated with ionophore feeding also should be considered. With highforage diets, ionophore feeding usually increases growth rate with little or no increase in feed intake (Spears et al., 1989) . Therefore, greater quantities of certain minerals may need to be absorbed to support the increased gains observed in growing cattle fed forage diets supplemented with monensin or lysocellin.
